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This study assesses and compares the nutritional, textural and sensory characteristics of Coalho cheese
made from goat’s (CGM) or cow’s milk (CCM) and their mixture (CCGM) during cold storage for 28 days.
Among the assessed physiochemical parameters, the type of milk used during production only inﬂu-
enced (P < 0.05) the moisture, fat and salt contents of the cheeses. CGM and CCGM showed higher
(P < 0.05) content of short- and medium-chain fatty acids, such as C6, C8 and C10 and C12, and long-
chain polyunsaturated fatty acids C18:2n6c, and lower content of C16 and C16:1. All cheeses presented
satisfactory sensory characteristics for most of the assessed parameters. However the addition of cow’s
milk to goat’s milk improved sensory acceptability, mainly through the reduction of goat’s milk odor and
ﬂavor. Coalho cheese made with the mixture of cow’s and goat’s milk maintained particular positive
nutritional characteristics of goat’s cheese, especially with respect to the fatty acids proﬁle, with
improved acceptability. All the cheeses maintained, in general, their properties throughout storage time.
 2012 Elsevier Ltd.Open access under the Elsevier OA license.1. Introduction
Coalho cheese is a typical Brazilian food that has been produced
from raw or pasteurized milk in the Northeastern Region for over
150 years. This product possesses high commercial value due to the
simple technology applied during its manufacture, high yield, and
good acceptance by the consumers (Silva, Ramos, Moreno, &
Moraes, 2010). Coalho cheese is a semi-hard cheese with medium
to high moisture that is obtained after milk coagulation using
animal rennet or other proper coagulating enzymes, sometimes
complemented with selected lactic acid bacteria, and commonly
marketed after 7 days of storage at 10 C (Cavalcante et al., 2007).
Even though it has been produced for over one century, Coalho
cheese is still manufactured using unstandardized processes,
causing variability in physicochemical, technological and sensory
properties. Some sensory descriptive terminology commonly used
to characterize Coalho cheeses marketed in Brazil includes leakage
of whey for appearance, butter or milk ﬂavor, butter taste and
rubbery texture (Cavalcante et al., 2007).: þ55 83 32167094.
osdoE. Queiroga).
sevier OA license.Because of its peculiar taste and nutritional properties and its
recognition as a healthy food, goat’s milk has received special
attention by researchers and dairy industry. Some properties of
goat’s milk are known to be advantageous compared with those of
cow’s milk, such as higher tolerance by allergic children, which is
related to the amount of and structural differences inwhey proteins
(a-lactalbumin and b-lactalbumin) and the high proportion of small
fat globules (1.5 mm), which provide better digestibility (Albenzio &
Santillo, 2011; Haenlein, 2004; Raynal-Ljutovac, Gaborit, & Lauret,
2005; Sheehan, Drake, & Mcsweenwy, 2009). Furthermore, goat’s
milk has received special attention by researchers because of its
recognition as a potential functional food since it holds potential as
a natural source of lactose-derived oligosaccharides, present
a healthier lipid composition with increased conjugated-linoleic
acid and short fatty acids content and higher vitamin (A and
complex B) and calcium content (Haenlein & Anke, 2011; Park,
2006; Silanokove, Leitner, Merin, & Prosser, 2010), which means
that may provide a health beneﬁt beyond its nutritional value.
Despite the availability of scientiﬁc information about the
positive aspects of the consumption of goat’s milk and goat dairy
products, the production of this milk in some countries is scarce
(such as in Brazil), limiting the production of goat dairy products.
Nevertheless, the Northeastern Region of Brazil is the biggest goat’s
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(highlighting the state of Paraíba with 18 million liter of milk per
day) and its valorization in differentiated dairy products may
contribute to the economical sustainability of the region, mainly of
rural areas. However, the ﬂavor of this milk is particular and
stronger than cow’s milk, which constrains its acceptability among
several consumers, in particular Brazilian ones. In this context, the
production of dairy products using mixtures of goat’s milk and
cow’s milk could be an interesting and feasible opportunity for the
dairy market and industry (Thompson, 2007) allowing the expan-
sion of the dairy industry inmany regions and strengthen the goat’s
milk production chain (Silanokove et al., 2010). Regarding this
opportunity, the development of the appropriate technology for the
production of Coalho cheese using a mixture of cow’s and goat’s
milk to obtain a product with the proper characteristics and satis-
factory acceptance by consumers is of particular interest. So, the
aim of this study was to develop and assess the quality parameters
and sensory acceptability of Coalho cheeses made from amixture of
goat’s and cow’s milk and compare the evaluated characteristics
with those obtained for the Coalho cheeses made from plain goat’s
or cow’s milk.
2. Material and methods
2.1. Cheese manufacture
Three different cheese types were made in duplicate in three
different moments: CCM (cheese made from cow’s milk), CGM
(cheese made from goat’s milk) and CCGM (cheese made from
cow’s milk and goat’s milk, 1:1 ratio, L:L). The cheeses were man-
ufactured following the traditional procedure proposed by
Embrapa for traditional cow’s Coalho cheese, which is a Brazilian
agricultural research company (Laguna & Landim, 2003). Milk
composition is presented in Fig. 1. Coalho cheeses were manufac-
tured in 30-L vats from commercially pasteurized goat and/or cow
milk heated to 90  1 C for 10 min, followed by direct acidiﬁcation
with 0.25 mL/L lactic acid. Calcium chloride (0.5 mL/L) and
a commercial coagulating agent (0.9 mL/L, Ha-La) and starter of
mesophilic lactic cultures (R-704 Lactococcus lactis subsp. cremoris
and L. lactis subsp. lactis) available from Christian Hansen Brazil
(Valinhos, Minas Gerais, Brazil) were also added to the vats. The
vats were incubated at 36 C until a ﬁrm curd was formed
(approximately 40min). The obtained gel was gently cut into cubes,
allowed to drain, salted in brine (12 g/L NaCl), placed in perforated
rectangular containers (approximate capacity of 250 g) and main-
tained at 10 C under pressure for 4 h and vacuum packaged. The
cheese obtained after storage at 10 C for 24 h was regarded as the
ﬁnal product. The cheeses were then stored at 4 C for 28 days to
simulate the common shelf-life.Fig. 1. Mean values for pH of Coalho cheese made from cow’s, goat’s milk and their
mixtures during storage at 10 C for 28 days. CCM ( ): cheese made from cow’s
milk; CCGM ( ): cheese made from mixture of the two; and CGM ( ): cheese
made from goat’s milk.2.2. Analysis
Cheeses from each treatment (n: 6) were used for physico-
chemical and technological analysis of the ﬁnal product (day 1) and
after 7, 14, 21 and 28 days of storage. For fatty acids proﬁle and
sensory analysis, the cheeses were evaluated after 14 and 28 days of
storage. Each day, three cheeses from the same batch and trial were
unpacked and immediately used for physicochemical, fatty acids
proﬁle, textural and sensory analysis.
2.3. Physicochemical analysis
The pH values of the cheeses were determined using
a combined pH glass electrode connected to a pH-meter MicropH
2001 Crison potentiometer (MicropH 2001, Barcelona, Spain). The
moisture content from the samples was determined following the
international standard method (IDF, 1958), and protein, fat and salt
(sodium chloride e NaCl) contents were measured using a Lacto-
Scope Filter C4 apparatus (Delta Instruments, The Netherlands)
according to Madureira, Pintado, Gomes, Pintado, and Malcata
(2011).
2.4. Extraction and chromatographic analysis of fatty acids
Lipid extraction was performed according to Hara and Radin
(1978) and transesteriﬁcation of the FA according to Christie
(1982). The FA methyl esters (FAME) in hexane were then injec-
ted (1 mL) into a gas chromatograph (PerkinElmer e Clarus 500B,
The Netherlands) equipped with a ﬂame ionization detector (FID)
and a PTV injection port used in the split mode with a split vent
ﬂow of 100 mL/min and a split ratio of 1/25. The oven temperature
program was initially set at 100 C for the ﬁrst minute, then
increased at a rate of 2.5 C/min to 240 C (remaining for 20 min).
Hydrogen was the carrier gas at ﬂow rate of 45 mL/min, injector
temperature of 245 C and detector temperature of 270 C. The
separation of the FAME was performed with a WCOT fused-silica
CPWAX 58 capillary column (Varian Middelburg, The
Netherlands) with a length of 50 m, inner diameter of 0.25 mm and
ﬁlm thickness of 0.20 mm.
The identiﬁcation of the FA was performed by comparing the
retention indexes of the FAME with those of BCR-CRM 164 (Anhy-
drous Milk-Fat Producer: BCR Institute for Reference Materials and
Measurements, Belgium) and Supelco TM (Component FAME Mix,
cat 18919 Supelco, Bellefonte, PA) methyl ester standards, and the
data were expressed as relative values. The FA composition was
converted to g/100 g using the software Chromquest 4.1 (Thermo
Electron, Italy).
2.5. Instrumental texture
The textural properties of the cheeses were evaluated with a TA-
XT2 Texture Analyzer (Stable Micro Systems, Haslemere,
England) using a two-bite compression of cylindrical samples
(diameter of 5.0 cm and height of 2.0 cm). The employed
compression force was 5 g, initial height 1 cm, and test speed
5 mm/s. The following parameters were measured: hardness,
chewiness and cohesiveness. For the texture analysis, Texture
Expert software for Windows (version 1.20; Stable Micro Systems)
was used.
2.6. Color analysis
A CR-300 colorimeter (Minolta Co., Osaka, Japan) was used for
instrumental color evaluation. The CIELab color scale (L*a*b*) was
used with a D65 illuminant (standard daylight) and measuring
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according to the International Commission on Illumination (CIE,
1996). Using reference plates, the apparatus was calibrated in the
reﬂectance mode with specular reﬂection excluded. A 10-mm
quartz cuvette was used for the readings. Measurements were
performed in triplicate using the inner section of the cheeses
immediately after unpacking.
2.7. Sensory analysis and consumer acceptance
The sensory evaluation was carried out with an internal panel
consisting of 15 assessors (aged 28e50 years). Said subjects were
selected for their sensory ability and trained for descriptive analysis
according to the standard ﬂavor proﬁle guidelines set by ISO
6564:1985. Panel training sessions were performed to familiarize
the assessors with the language and products under investigation,
especially cheeses made from goat milk. The samples were
described using the Quantitative Descriptive Analysis (QDA) tech-
nique (Stone & Sidel, 1993, p. 482). The QDA test was administered
using a 5-point scale ranging from 1 (little) to 5 (very much)
regarding the following attributes: external aspects (color and dry/
humid), odor (overall intensity, cow’s milk odor, goat’s milk odor,
butter odor and yogurt odor), texture (hardness, adhesiveness,
elasticity and gumminess), basic tastes (acidic, salty and bitter),
ﬂavor (overall intensity, milky ﬂavor, butter ﬂavor, cow ﬂavor and
yogurt ﬂavor), and after-taste (intensity and persistence).
The acceptance test was carried out with 60 consumers (aged
21e50 years), preselected according to interest and habits of cheese
consumption. Consumer evaluation was performed according to
a hedonic scale ranging from 1 (dislike very much) and 9 (like very
much) for aspect, odor, texture, taste and overall appreciation.
The testing sessions (trained panel and consumer testing) were
conducted in individuals booths under conditions in accordance
with ISO 8589 (facilities) and ISO11037 (lighting). Each assessor
was served of 20 g of each cheese sample placed on small white
plates codedwith three-digit random numbers served immediately
after being taken out of refrigerated storage. Assessors were asked
to use low-salt crackers and water to clean their palates between
the assessed samples. Data acquisitionwas achieved by informatics
system Fizz.
2.8. Reproducibility and statistical analysis
All analyses were carried out in triplicate. The means of the
results were evaluated using analysis of variance (ANOVA), and
Tukey’s test was used to compare signiﬁcant differences (P < 0.05)
between the physicochemical, fatty acid proﬁle, textural and
sensory evaluations. The statistics model of sensory analysis data
contained only a ﬁxed effect of treatment. SPSS (v. 17, Chicago IL,
USA) was used for the statistical analyses.
3. Results and discussion
3.1. Physicochemical characteristics
The physicochemical characteristics of Coalho cheese made
from cow’s milk, goat’s milk, and their mixture are shown in
Table 1 and Fig. 1. In general, the moisture and salt contents were
the highest (P < 0.05) in CCM. No signiﬁcant difference (P > 0.05)
was observed in protein content and in pH values regardless the
type of cheese. The fat content of CCGM and CGM were higher
(P < 0.05) than those of CCM for all the evaluated storage times.
So, it is important to highlight that the reduction of goat milk to
50% did not affected any of the physicochemical parameters using
Coalho cheese technology. Sheehan et al. (2009) studied thepartial or total substitution of bovine for caprine milk during
cheese production and showed that increased ratios of bovine:-
caprine milks resulted in cheeses with increased moisture, fat and
fat-in-dry matter (FDM) contents with no signiﬁcant effect on
cheese protein, moisture-in nonfat-substance (MNFS) or salt
contents. The signiﬁcant effect observed for moisture and fat by
these authors, but not for our CCGM cheeses, may be related with
different technology used.
Themoisture, fat, salt and pH value found in CCM and CGMwere
similar to those reported by Pappa, Kandarakis, Anifantakis, and
Zerﬁridis (2006) who assessed the inﬂuence of type of milk
(goat’s, ewe’s and cow’s milk) and microbial culture on the quality
of Teleme cheese. These authors found that regardless of the
ripening time and the starter culture used, the cheeses made from
cow’s milk presented the highest moisture contents. Alternatively,
Silva et al. (2010) found different moisture (45.5e51.5 g/100 g),
protein (26.9e59.6 g/100 g), and fat contents (36.6e48.2 g/100 g)
and pH (5.99e7.13) values in Coalho cheese made from cow’s
milk marketed in the Brazilian Northeast. Micelle structures of goat
milk differ from cow milk in average diameter, hydration and
mineralization. Averagemineralization levels of micelles in goat are
higher than in cow milk. There is an inverse relationship between
the mineralization of the micelle and its hydration, which also
means that goat milk is less hydrated than cow milk (Park, Juárez,
Ramos, & Haenlein, 2007) which explains the tenderness of cow
cheese.
The protein content of CCM and the pH values for CCM, CCGM
and CGM signiﬁcantly differed (P < 0.05) between the 1st and 28th
day of storage. The pH values presented no signiﬁcant differences
(P > 0.05) among the different cheeses. Sheehan et al. (2009)
observed a decrease in the pH values of semi-hard cheeses manu-
factured from amixture of caprine and bovine milk during 150 days
of cold storage.
According to Sheehan et al. (2009), cow’s milk presents pH
values higher than those of goat’s milk after pasteurization and
before the inoculation of the starter culture during the cheeses
manufacture, results also observed for our study. The pH values of
cheeses made from goat’s milk tend to decrease during the ﬁrst
thirty days of ripening, followed by an increase after this time,
while the pH values of cheeses made from cow’s milk tend to
decrease during the ﬁrst sixty days of ripening, with a slight
increase after this time (Mallatou, Pappas, & Voutsinas, 1994).
Goat’s milk also presented a more pronounced alkalinity and
buffering capacity in comparison to cow’s milk, which is mainly
related to the associated casein and phosphate systems (Galina,
Osnaya, Cuchillo, & Haenlein, 2007). Low pH values make
calcium phosphate micelles more soluble increasing the loss of
soluble calcium of whey during the draining of curdled milk
(Park, 2006).
Pappa et al. (2006) found a decrease in the protein content of
ripened cheeses during storage regardless of the kind of
milk (goat’s, ewe’s and cow’s) used in their production. Changes
in the protein content of cheeses during storage have been
related to protein hydrolysis and the production of water-soluble
nitrogen compounds, which are released in the brine (Pintado
et al., 2008).
Themoisture, salt andpHvalues of cheeses are related to the time
of ripeningbecause ripened cheeses present lowermoisture, greater
hardness, higher acidity and higher salt content than unripened
cheeses (Freitas & Malcata, 2000). However since our cheeses were
only slightly ripened few signiﬁcant variations of such parameters
were observed throughout storage time. On the other hand,
compositional variation was evident according to type of milk,
disclosing signiﬁcant differences between CCM and the other two
cheeses e goats milk and mixture, except for protein content.
Table 1
Mean values for the physicochemical characteristics of Coalho cheeses made from cow’s milk, goat’s milk and their mixture during storage at 10 C for 28 days.
Variables Days of storage Cheeses
CCM CCGM CGM
Moisture (g/100 g) 1 62.38Aa (1.67) 60.12Ba (1.01) 60.18Ba (0.86)
7 62.57Aa (1.65) 59.20Ba (1.28) 59.45Ba (0.88)
14 61.88Aa (2.24) 60.38Aa (0.45) 59.97Aa (0.91)
21 62.70Aa (1.33) 60.28Ba (1.28) 59.54Ba (0.73)
28 62.50Aa (1.69) 60.40Ba (0.96) 59.87Ba (0.70)
Protein (g/100 g) 1 24.70Aa (3.12) 25.03Aa (3.53) 23.72Aa (2.21)
7 21.53Aab (0.94) 22.09Aa (1.27) 21.95Aa (1.36)
14 20.38Ab (1.55) 22.09Aa (1.75) 21.81Aa (2.20)
21 20.70Aab (2.75) 21.86Aa (1.18) 22.30Aa (2.90)
28 20.41Ab (2.99) 22.00Aa (3.17) 22.59Aa (2.69)
Fat (g/100 g) 1 15.47Ba (1.72) 22.21Aa (1.99) 24.07Aa (3.54)
7 14.09Ba (3.37) 19.30Aa (2.92) 20.16Aa (2.54)
14 13.97Ba (1.75) 19.05Aa (1.86) 20.18Aa (2,23)
21 14.49Ba (4.50) 19.63ABa (0.78) 21.95Aa (4.14)
28 16.03Ba (2.99) 19.20ABa (3.13) 20.52Aa (2.08)
Salt (g/100 g) 1 2.41Aa (0.59) 1.96ABa (0.19) 1.57Bab (0.25)
7 2.02Aa (0.55) 1.56Ab (0.09) 1.55Aab (0.10)
14 2.01Aa (0.29) 1.53Bb (0.29) 1.46Bb (0.19)
21 2.15Aa (0.44) 1.65Bab (0.22) 1.84ABa (0.22)
28 2.07Aa (0.34) 1.71ABab (0.24) 1.51Bb (0.18)
The following abbreviations are used: CCM, cheese made from cow’s milk; CCGM, cheese made frommixture of cow’s and goat’s milk; and CGM, cheese made from goat’s milk.
A,BThe same superscript capital letters within a row denote no signiﬁcant differences (P > 0.05) between the values obtained for the different trials according to Tukey’s
ANOVA.
aecFor each trial, the same superscript lowercase letters within a column denote no signiﬁcant differences (P > 0.05) between values obtained for different days of storage
according to Tukey’s ANOVA.
Table 2
Mean values of fatty acids content (g/100 g) of Coalho cheeses made from cow’s,
goat’s milk and their mixture, after 14 and 28 days of storage at 10 C.
Fatty
acids
Days of
storage
Cheeses
CCM CCGM CGM
C6 14 1.59Ba (0.07) 1.69Ba (0.07) 1.83Aa (0.06)
28 1.68Aa (0.15) 1.76Aa (0.11) 1.83Aa (0.06)
C8 14 1.07Ca (0.04) 1.61Bab (0.08) 2.18Aa (0.22)
28 1.11Ca (0.10) 1.69Bab (0.11) 2.30Aa (0.05)
C10 14 2.72Ca (0.14) 5.37Ba (0.24) 7.94Aa (1.16)
28 2.76Ca (0.26) 5.57Ba (0.25) 8.66Aa (0.21)
C12 14 3.01Aa (1.42) 3.89Aa (0.18) 4.14Aa (0.08)
28 3.65Ca (0.26) 3.99Ba (0.11) 4.29Aa (0.18)
C14 14 11.90Aa (0.48) 11.44Aa (0.51) 11.15Aa (0.51)
28 11.84Aa (0.53) 11.57Aa (0.26) 11.08Aa (0.35)
C16 14 37.22Aa (1.60) 33.00Ba (1.50) 29.86Ca (2.66)
28 36.74Aa (0.88) 33.45Ba (0.78) 29.30Ca (0.30)
C16:1 14 2.39Aa (0.07) 1.65Ba (0.39) 1.30Ca (0.29)
28 2.37Aa (0.04) 1.56Ba (0.67) 1.18Ba (0.04)
C18 14 9.23Aa (0.71) 9.31Aa (0.24) 9.34Aa (0.41)
28 9.16Aa (0.70) 9.32Aa (0.12) 9.26Aa (0.59)
C18:1n9c 14 20.63Aa (1.24) 20.99Aa (1.00) 21.50Aa (0.87)
28 20.38Aa (1.31) 20.78Aa (0.58) 21.09Aa (0.34)
C18:2n6c 14 2.21Ca (0.07) 2.72Ba (0.04) 3.24Aa (0.27)
28 2.17Ca (0.11) 2.72Ba (0.05) 3.32Aa (0.07)
The following abbreviations are used: CCM, cheese made from cow’s milk; CCGM,
cheese made from mixture of cow’s and goat’s milk; and CGM, cheese made from
goat’s milk.
AeCThe same superscript capital letters within a row denote no signiﬁcant differ-
ences (P > 0.05) between the values obtained for the different trials according to
Tukey’s ANOVA.
aFor each trial, the same superscript lowercase letters within a column denote no
signiﬁcant differences (P > 0.05) between values obtained for different days of
storage according to Tukey’s ANOVA.
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Fat content is the most variable component of milk; it is inﬂu-
enced by the lactation stage, breed and animal genotype, as well as
by season and feed (Raynal-Ljutovac, Lagriffoul, Paccard, Guillet, &
Chilliard, 2008). Lipolysis is the spontaneous enzymatic hydrolysis
of fat, which in milk depends on physiological conditions, lactation
period and animal genetic characteristics (Raynal-Ljutovac et al.,
2005).
The fatty acid contents of Coalho cheesesmade fromcow’s, goat’s
milk and their mixture after 14 and 28 days of storage at 10 C are
shown in Table 2. The total fatty acids content found in the different
cheeses showed no difference (P > 0.05) during storage. However,
the individual content of C6, C8, C10, C12, C14, C16, C16:1 and
C18:2n6c were signiﬁcantly different (P < 0.05) among the evalu-
ated cheeses. CCGM and CGM showed higher (P < 0.05) contents of
short- and ofmedium-chain fatty acids, such as C6 (caproic acid), C8
(caprylic acid) and C10 (capric acid). Higher amounts of C12 (lauric
acid) in CGM were only found after 28 days of storage.
Chilliard, Rouel, and Leroux (2006) state that milk from small
ruminants presents high amounts of short- and medium-chain
fatty acids, which are characteristically more pronounced in
goat’s milk. According to these authors, the amounts of fatty acids
C6eC10 are at least two-fold higher in goat’s milk than in cow’s
milk. CCM presented higher amounts of C16 (palmitic acid) and
C16:1 (palmitoleic acid) than CGM and CCGM after both evaluated
storage times. These results are in accordance with those reported
by Ceballos et al. (2009) and Lucas, Rock, Agabriel, Chilliard, and
Coulon (2008), who reported higher contents of C6, C8, C10 and
C12 fatty acids in cheeses made from goat’s milk, while in cheeses
made from cow’s milk, higher amounts of C14, C16, C16:1 and
C20:3n6 were found. Delgado, González-Crespo, Cava, and Ramírez
(2011) found similar amounts of C6eC12 fatty acids in Iberian
cheeses made from goat’s milk in Southwest Spain. The different
quantitative proﬁles of fatty acids between CCM and CGM could be
related to the different physiological regulation of mammary glands
between the bovine and caprine species, particularly in the elon-
gation process of fatty acids, which are synthesized by the fatty
acids synthesis complex (Lucas et al., 2008).The highest amounts of C18:2n6c (linoleic acid) were found in
CGM at both evaluated storage periods. CGM also presented higher
amounts of C18:2n6c compared to CCM, suggesting that the
inclusion of goat’s milk was responsible for the increase in the
amount of this fatty acid. Chilliard et al. (2006) state that short- and
medium-chain fatty acids only arise from synthesis in the
mammary gland, while long-chain fatty acids (C  18) in milk fat
originate from either dietary fat or body fat mobilization. According
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levels in the fat of cheeses made from goat’s and cow’s milk may be
due to the differences in ruminal adipose tissue metabolism
between the two animal species.3.3. Analysis of instrumental texture
The values for the instrumental texture parameters of Coalho
cheeses made from cow’s, goat’s milk and their mixture during
storage at 10 C are shown in Table 3. The values of chewiness and
cohesiveness presented no signiﬁcant difference (P > 0.05),
regardless of the kind of cheese and time of storage. During some
assessed storage intervals (1, 14 and 21 days), CGM presented
higher values for hardness than CCM. The time of storage presented
no signiﬁcant inﬂuence (P > 0.05) on the hardness of the cheeses.
Mallatou et al. (1994) noted that white-brined cheeses made
from goat’s milk were harder compared to cheeses made from
ewe’s milk. Pure caprine milk leads to production of a harder
cheese than that produced using pure ovinemilk. The differences in
the rheological properties of cheeses made with different types of
milk may be due to the different casein structures or their
concentrations in milk. Bovine milk contains higher levels of a-s1-
casein than caprine milk (Ceballos et al., 2009). Some researchers
have reported that the increase in the acidity of cheeses during
storage causes changes in the characteristics of the protein aggre-
gates and consequently in their texture, producing softer cheeses
that are more easily fragmented. Although in this study the eval-
uated cheeses showed a decrease in pH values during the storage
period, they did not exhibit changes in their hardness proﬁles, since
cheeses were not ripened, and metabolic activity at 10 C is limited.
Cheeses with lower pH values, mainly those close to the casein
isoelectric point, possess textures with high gumminess, while
cheeses with higher pH values present a more plastic texture
(Bhaskaracharya & Shah, 2001). Moisture is also an important factor
that inﬂuences the texture of cheeses because high initial moisture
weakens the protein network, making the cheese matrix softer
(Buriti, Rocha, & Saad, 2005). In this study, the highest values forTable 3
Mean values for the instrumental texture parameters of Coalho cheeses made from
cow’s, goat’s milk and their mixture during storage at 10 C for 28 days.
Variables Days of
storage
Cheeses
CCM CCGM CGM
Hardness
(N/min)
1 15.84Ba (5.17) 25.33Ba (4.38) 37.57Aa (5.73)
7 21.15Aa (11.52) 30.27Aa (12.97) 35.37Aa (7.54)
14 12.26Ba (7.27) 22.39ABa (8.45) 28.46Aa (5.76)
21 15.08Ba (5.68) 35.19Aa (12.57) 33.78Aa (10.80)
28 15.63Aa (11.54) 34.19Aa (20.19) 40.80Aa (17.27)
Chewiness 1 0.90Aa (0.04) 0.91Aa (0.01) 0.91Aa (0.01)
7 1.80Aa (1.44) 0.86Aa (0.06) 1.12Aa (0.76)
14 0.86Aa (0.05) 1.47Aa (1.10) 0.91Aa (0.01)
21 1.33Aa (1.13) 1.32Aa (1.15) 1.31Aa (1.14)
28 0.89Aa (0.10) 1.48Aa (0.91) 0.86Aa (0.09)
Cohesiveness 1 0.77Aa (0.03) 0.78Aa (0.05) 0.67Aa (0.17)
7 0.72Aa (0.04) 0.70Aa (0.16) 0.56Aa (0.20)
14 0.71Aa (0.05) 0.75Aa (0.09) 0.76Aa (0.07)
21 0.71Aa (0.09) 0.62Aa (0.14) 0.64Aa (0.10)
28 0.67Aa (0.12) 0.64Aa (0.10) 0.53Aa (0.19)
The following abbreviations are used: CCM, cheese made from cow’s milk; CCGM,
cheese made from mixture of cow’s and goat’s milk; and CGM, cheese made from
goat’s milk.
A,BThe same superscript capital letters within a row denote no signiﬁcant differences
(P > 0.05) between the values obtained for the different trials according to Tukey’s
ANOVA.
aFor each trial, the same superscript lowercase letters within a column denote no
signiﬁcant differences (P > 0.05) between values obtained for different days of
storage according to Tukey’s ANOVA.moisture and lowest values for hardness were found in CCM for
most of the evaluated storage periods. Furthermore, the proteolysis
also inﬂuences the texture of cheeses, particularly the hardness
(Chilliard et al., 2006), however in this case this contribution is also
limited.3.4. Color analysis
Values for color evaluation parameters of Coalho cheeses made
from cow’s milk, goat’s milk, and a mixture of the two during
storage at 10 C are shown in Table 4. In general, CCGM and CGM
presented higher L* values (P < 0.05) from 7 days of storage
onward. In color evaluation, the L* parameter indicates lightness
and the capacity of an object to reﬂect or transmit light based on
a scale ranging from 0 to 100. Therefore, higher lightness values
result in clearer objects. The average L* values found for CCGM
and CGM in this study were higher than those found by Sheehan
et al. (2009) for semi-hard cheeses made from cow’s and goat’s
milk.
Higher a* values (P < 0.05) were found in CGM. The higher a*
values (green component) in goat dairy products has been mainly
attributed to their fatty acids proﬁles. Cheeses made from goat’s
milk are generally whiter in color because goats are able to convert
b-carotene into vitamin A and also produce milk with smaller-
diameter fat globules compared to that produced by cows (Lucas
et al., 2008; Park, 2006). According to Sheehan et al. (2009) the
increase in a* values in cheeses is directly related to the addition of
goat’s milk.
The b* values (yellow component) were found to be higher
(P < 0.05) in CCM. The increase in b* values has been related to the
occurrence of proteolysis and theMaillard reaction, which decrease
the luminosity due to the production of browning compounds
(Lucas et al., 2008). The assessed samples presented high lumi-
nosity (L*) values, with predominance of the yellow component (b*)
rather than the green component (a*), suggesting that the white-
yellowness mostly contributed to the color characteristics of the
cheeses.Table 4
Mean values for color parameters of Coalho cheeses made from cow’s, goat’s milk
and their mixture during storage at 10 C for 28 days.
Variables Days of
storage
Cheeses
CCM CCGM CGM
L* 1 92.22Aa (0.81) 91.86Aa (1.13) 92.95Aa (0.22)
7 90.91Bab (1.12) 92.61Aa (0.68) 93.22Aa (0.65)
14 89.36Bb (2.14) 90.96ABa (1.84) 92.43Aa (1.08)
21 90.32Bab (0.67) 92.17Aa (0.88) 92.45Aa (0.82)
28 90.16Bab (0.88) 91.46ABa (1.17) 92.53Aa (1.25)
a* 1 3.12Ba (0.10) 3.03Ba (0.03) 2.73Aa (0.18)
7 3.68Cb (0.09) 3.38Bab (0.18) 3.10Ab (0.17)
14 3.80Cb (0.21) 3.45Bb (0.12) 3.08Ab (0.18)
21 3.69Bb (0.08) 3.33Aab (0.26) 3.10Ab (0.13)
28 3.56Bb (0.22) 3.36Bab (0.27) 2.97Aab (0.14)
b* 1 13.85Ab (0.58) 11.29Bb (0.64) 8.60Cb (0.55)
7 16.56Aa (0.75) 13.47Ba (1.04) 10.07Ca (0.76)
14 16.33Aa (0.89) 13.72Ba (0.60) 10.13Ca (0.56)
21 17.14Aa (0.62) 14.04Ba (0.85) 10.61Ca (0.24)
28 17.21Aa (0.76) 14.46Ba (1.17) 10.79Ca (0.52)
The following abbreviations are used: CCM, cheese made from cow’s milk; CCGM,
cheese made from mixture of cow’s and goat’s milk; and CGM, cheese made from
goat’s milk.
AeC The same superscript capital letters within a row denote no signiﬁcant differ-
ences (P > 0.05) between the values obtained for the different trials according to
Tukey’s ANOVA.
a,b For each trial, the same superscript lowercase letters within a column denote no
signiﬁcant differences (P > 0.05) between values obtained for different days of
storage according to Tukey’s ANOVA.
Fig. 2. Graphical representation of sensory evaluation by quantitative descriptive analysis (QDA) of Coalho cheese made from cow’s, goat’s milk and their mixture during storage at
10 C for 28 days. (A): 7 days of storage; (B): 28 days of storage. ( ): cheese made from cow’s milk, CGM; ( ): cheese made from mixture of the two, CCGM; ( ): cheese
made from goat’s milk, CGM.
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The Coalho cheeses made from goat’s, cow’s milk and their
mixture were assessed for sensory attributes using both QDA and
an acceptance test after 14 and 28 days of storage at 10 C (Fig. 2).
Analysis of QDA results showed that scores found for color, cow’s
milk odor, hardness, gumminess, cow ﬂavor, goat ﬂavor and after-
taste were signiﬁcantly different (P < 0.05) among the evaluated
cheeses. The average scores for hardness, bitter taste and ﬂavor
intensity increased for CGM during the evaluated storage periods.
The same trend was found for after-taste intensity and after-taste
persistence in all cheeses.
Lower scores for color (whiter) were found for CGM and CCGM,
which are in accordance with the results of the instrumental
analysis of color. Higher average scores for hardness were found for
CGM, which are also in accordance with the results of the instru-
mental analysis of texture. Thewhiter color and increased hardness
could reﬂect a particular sensory characteristic of cheeses made
from goat’s milk.
According to Delgado et al. (2011), the ﬂavor of cheeses depends
on several reactions, especially the metabolism of lactose and
lactate, lipolysis and proteolysis in the cheese matrix. Some
researchers propose that the ﬂavor of goat cheeses could be
strongly related to the presence of branched chain fatty acids (such
as 4-ethyl-octanoic and 4-methyloctanoic). Haenlein (2004) statesFig. 3. Graphical representation of sensory acceptance of Coalho cheese made from
cow’s, goat’s and their mixture during storage at 10 C for 28 days. ( ): cheese
made from cow’s milk; CCM; ( ): cheese made from mixture of the two, CCGM;
( ): cheese made from goat’s milk, CGM.that branched C4 fatty acids exhibit a characteristic caprine ﬂavor.
4-methyloctanoic acid and 4-ethyl-octanoic acid at a minimum
concentration of 100 ppb are responsible for the characteristic goat
taste in cheeses. Moreover, 4-ethyl-octanoic fatty acid is not found
in cow’s milk (Ha & Lindsay, 1991).
The sensory analysis results agree with the results of the fatty
acids proﬁle analysis, in which the cheeses made from goat’s milk
showed higher contents of short-chain fatty acids (caproic, caprilic
and capric). The characteristic goat ﬂavor in cheeses is intensiﬁed
when the product possesses pH values of six or higher (Ceballos
et al., 2009) although the pH values of the cheeses studied here
were always lower than six.
CCGM and CGM presented increases (P > 0.05) in bitter taste
during the evaluated storage periods. The increase in bitter taste in
cheeses following storage could be related to the increase in the
content of octanoic and decanoic fatty acids that make the product
seem rancid and aged, respectively (Poveda, Sanchez-Palomo,
Perez-Coelho, & Cabezas, 2008). Morand-Fehr et al. (2004) re-
ported that fresh cheeses present a less pronounced caprine taste,
making them more attractive to most consumers. The same
researchers emphasize that the use of hygienic practices during
milking can decrease the development of disagreeable taste in
cheeses made from goat’s milk during storage because of the
decrease in lipolysis caused by contaminating bacteria in particular
lipase producers.
Acceptance tests revealed no signiﬁcant difference (P > 0.05)
for the overall appreciation, ﬂavor, aspect, texture and odor
among the cheeses made with the mixture of cow’s and goat’s
milk compared with cow’s milk cheese (Fig. 3). The data pre-
sented reﬂects the similar acceptance of cheese CCGM with
respect to the cheese CCM. In general, these results reﬂect good
acceptance of the assessed products, although CCGM deserved to
be highlighted because no data have been previously available
concerning the evaluation of its sensory parameters and even
though the cheeses produced with goat’s milk presented lower
acceptability, the mixture with cow’s milk allowed to improve
sensory acceptability.
4. Conclusions
The reduction (50%) of goat’s milk during the manufacture of
Coalho cheese did not produce changes in the physicochemical (fat,
protein, salt and pH) and instrumental texture, except for hardness
that decreased. On the other hand, the replacement by cow’s milk
led to changes with respect to fatty acids proﬁles with a reduction
in short fatty and linoleic acids and a slight increase of palmitoleic
acid, which affected positively the sensory acceptance of mixture
cheeses. Additionally, the color was also signiﬁcantly changed by
R.deC.RamosdoE. Queiroga et al. / LWT - Food Science and Technology 50 (2013) 538e544544reducing the whiteness. The cheese made from a mixture of cow’s
and goat’s milk consists of a differentiated dairy product, because it
presented a diminished caprine taste, which contributes to better
acceptance by consumers, nevertheless maintaining relevant
positive nutritional properties of goat’s cheese. Furthermore, this
kind of cheese may be an alternative product for the Northeast
region as the main goat milk and Coalho cheese producer region
in Brazil.
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